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(54) Recording apparatus, recording method and dlsc-sliaped record medium 



(57) A Writter Block BH Map WBBM is recorded (8) 
In a lead-in area of a rewritable disc (1). The WBBM is a 
bit map tiiat represents whether each tjlock that is a 
record/reproduction data unit is a recorded block or a 
non-recorded block. A finalizing process for recoiding 
dummy data In the vicinity of a recorded t)locl< Is per- 
formed 80 that a read-only disc drive can seek a block 
and a servo operation of the drive can be stable. At this 
point, with reference to the WBBM, the efficiency of the 



process can be improved. When a plurality of WBBMs 
are ring-structured and the WBBMs are successively 
updated, the write operation can be prevented from 
being concentrated to the same area. In addition, a 
destroyed WBBM due to a power failure or the like can 
be restored. The value of an update counter represents 
the latest WBBM. 
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Description 

BACKGROUNP QFTHE INVENTIQN 

Rflldotthelnv^on s 

[O0O1] The present invention relates to a recording 
apparatus lor use with an optical dfec or the like, a 
recording method thereof, and a disc-shaped reooiding 

Desctiption of the Related Art 

[0002] Disc-shaped record mediums (for example, 
DVDs) can be categorized as rewritable mediunc rs 
(DVD+RW) and read-only mediums (DVD-RCNM) 
depending on their characteristics. Since their physical 
formats are simiifn', it is preferable to allow a DVD-ROM 
drive to reproduce data from a DVD+RW disc. There are 
difference between the DVD+RW drive and the DVD- 20 
ROM drive in a spindle servo signal and a method for 
obtaining a position signal (address) of a medium. The 
DVD+RW disc has a wobbling groove The DVD+RW 
drive obtains a position signal from a reproduced signal 
of the wobbling groove. In contrast, the DVD-ROM cfisc ss 
does not have such a wobbling groove. The DVD-ROM 
drive obtains a position agnal from a frame synchro- 
nous signal and an address signal r^roduced from the 
DVD-ROM disc. 

[0003] To allow the DVD-ROM drive to reproduce data 30 
from the DVD-RW disc, a frame synchronous signal and 
a position signal are placed in data of the DVD+RW 
disc. However, since the DVD+RW disc has a non- 
recoided portion before or after recorded data, it is diffi- 
cult for the DVD-ROM drive to reproduce data from the ss 
DVD+RW disc. In reality, since the DVD-ROM drive can- 
not reproduce the frame synctironous signal from the 
DVD+RW disc the DVD-ROM cannot stably operate the 
spindle servo and perfomn the seek cperaition for read- 
ing a desired sector from the DVD+RW disc. 40 
[0004] The seek operation Is performed in a comt^na- 
tion of a coarse seek operatic and a fine seek opera- 
tion. In the coarse servo operation, many tracks are 
jumped at a time. On the other hand, in the fine servo 
operation, a desired sector is acquired in the vidnrty of 4S 
a target position. Due to the eccentricity of the disc, 
when the seek operation is performed in the fine servo 
operation, a deviation of several ten tracks to several 
hundred tracis normally takes place. If the jumped posi- 
tion is a non-recorded area, the target track cannot foe so 
acquired. Thus, when the seek operation s performed, 
data containing a frame synchronous signal and a posi- 
tion signal should have been recorded in the vridnity of 
the target sector. 

[0005] Hius. to allow the DVD-ROM drive to repro- 55 
duoe data from the DVD+RW disc, dummy data should 
have been reconled before or after recorded data on the 
DVD+RW. To do that, a process referred to as finalizing 



process is performed. The finalizing process can be 
perfonned in the following two methods. 
[0006] As the first m^od. a file s^em is analyzed. 
Generally, a file system has a space bit map for allocat- 
ing a user area A UDF system that is often used for 
DVD discs has a space bit map and information that 
represents whether or not each entry of each file has 
been recorded. Tlius, when the file systan is analyzed, 
a position of user data (namely, a position to which 
dummy data should be written) can be obtained. This 
method is performed by an application program of a 
host computer. 

I0OO7] As the second method, a blank area is 
detected. In this method, al blocks of the DVD+RWdisc 
are read. When a btook can be read, it is treated as a 
recorded btock. On the other hand, when a block cannot 
be read, the hanitrare of the drive determines whether 
an RF signal is atisent (namely, data has been 
recorded) or data that has been recorded cannot be 
reproduced. When the RF signal cannot be obtained, 
since data has not been recorded, dummy data is 
recorded. Even H the RF signal is obtained, when data 
cannot be read, the drive determines whether the rele- 
vant block is unchanged or dummy data is overwritten 
depending on the amount of an ECC error or the like. 
[0008] The first method (for analyzing a file system for 
use) can be effectively performed as long as the number 
of directories/Tries is small. However, when the number 
of directories/tiles is as large as several thousands, it 
takes a long time to perform the process. Thus, this 
method is not effective. In the file system other than the 
UDF system, this method cannot be used because 
available information is limited to allocation infomiation. 
In other words, depending on a file system for use, the 
feaslaility of this method is restricted. On the other 
hand, the second method (for detecting a blank area) 
can be used regardless of a file system for use. How- 
ever, since all blocks of the disc should be read, it takes 
a long time to perform the process. 
lOOOei Other than the above-described two methods, 
when a disc is formed, a certificating process may be 
required. In the certificating process, a certification pat- 
tern is recorded on the entire disc. By reproducing the 
data, it is determined whether or not there is a defect on 
the disc. Thus, when the certificalnn pattern is recorded 
on the entire surface, since non-recorded areas are 
absent, the finaizing process is not required. Howev», 
since the storage capacity of the DVD+RW disc is large, 
it takes around one hour to perform the certificating 
process. Thus, since this method is not effective, it is 
improper to require the user to perform the certificating 
proces& 

OBJECTS AND SUM^<ARY QF THE iNVPNTION 

1001 0] It is therefore an object of the invention to pro- 
vide a recording apparatus ttiat allows the finalizing 
process to be quickly performed regardless of a file sys- 
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tem for use, a recording method thereof, and a disc- 
shaped recording medium thereof. ' ■ ' ' 
[0011] According to a first aspect of the invention, 
there is provided a recording apparatus for use with a 
disc-shaped record medium having a user data area s 
and a management area, compridt^g: 



[001 2] According to a second aspect of the invention, 
there is provided a recording method for use with a 25 
rewritable disc-shaped record medium having a user 
data area and a management area, comprising the 
steps of: 

creating a bit map composed of bits that represent so 
whether or not each record/reproduction data unit- 
has been recorded; 

recording the bit map to the management area of 
the disc-shaped record medium; and 
referencing the bit map and adding a predetar- as 
mined amount of data that contains at least one of 
servo infbnfnatlon and position information to a non- 
recorded area in the vicinity of recorded data so as 
to allow a reproducing apparatus that reproduces 
data from a read-only disc-stiaped medium and 40 
obtains at least one of the servo information and the 
position information from a reproduced signal to 
reproduce data from a rewritable disc-shaped 
record medium. 

4S 

[0013] Accordng to a third aspect of the invention, 
there is provided a disc-shaped record medium having 
a first rewritable area fc)r recording user data and a sec- 
ond rewritable area for recording management data, 

wherein at least one of servo information and posi- 
tion information is pre-recorded as wobbling infor- 
mation in a wobbling groove, and 
wherein the second rewritable area has a bit map 
that represents whether or not each data unit for ss 
recording/teprodudng for the first rewritable area 
has been recorded. 



[0014] A bit map that is a set of bits representing 
whether or not each block as record/reproduction data 
unit has been reootded is recorded in a management 
area of the disc. Thus, when the finalizing process is 
performed, finalization data (dummy data) can be 
reconJed with reference to the bit map Consequently, 
the finalizing process can be quickly performed regard- 
less of a file system for use. In addition, the user Is not 
requested to perform flie certifying process. 
[0015] The above, and other, objects, features and 
advantage of the present invention will become readily 
apparent from the following detailed description thereof 
which is to be read in connection with the accompany- 
ing drawings. 

BRIEF DESCRIPTIOfM OF THE DRAWINGS 
[0016] 

Fig. 1 is block diagram showing the structure of 
each area of a drive according to an embodiment of 
the invention; 

Fig. 2 is a schematic diagram showing the structure 
of each area of a disc-shaped record medium 
according to the invention; 
Rgs. 3A and 3B are schematic diagrams showing a 
wobbling groove of the disc-shaped record medium 
according to the invention; 
Fig. 4 Is a schematic diagram for explaining the 
frame structure of the wobbling groove of the disc- 
shaped record medium according to the invention; 
Rg. 5 is a schematic diagram showing a sector for- 
mat of the disc-shaped record medium according to 
theinvertion; 

Rg. 6 is a schematic dagram shewing a 32 kbyte 
iomiat of the disc-shaped record medium according 
lotheinvenb'on; 

Rg. 7 is a schematic diagram showing an inter- 
leaved state of an outer code in the 32 ktjyte format 
of the disc-shaped record medium according to the 

invention; ._ - . 
Rg. 8 is a schematic diagram showing tiie block 
structure of the disc-shaped record medium 
according to the invention; 
Rg. 9 is a schematic diagram for explaining a final- 
izing process; 

Rg. 10 is a schematic diagram for explaining record 
positions of WBBMs; 

Hg. 11 is a schematic diagram for explaining the 

data structure of a WBBM; 

Fig. 12 is a schematic diagram for explairung a 

redundant write operation of WBBMs; 

Fig. 13 is a schematic diagram for explaining a ring 

stnicture of WBBMs: 

Rgs. 14A and 148 are schematic diagrams for 
ei^aining a WBBM having a bit map for user data; 
Rg. 15 is a flow chart for explaining a process per- 
fbnned when a medium is loaded to a drive; . 



recording means for recording at least one bit map 
that represent whether or not each data unit for 
recording/reproducing has been recorded; and io 
processing means for recording the bit map to the 
management area of the QKsc-shaped record 
medium, and referencing the bit map and adding a 
predetermined amount of data that contains at least 
one of senn information and position information to is 
a non-recorded area in the vicinity of recorded data 
so as to allow a reproducing apparatus that repro- 
duces data from a read-onty disc-shaped ntedrum 
and obtains at least one of the servo information 
and the position infornration from a reproduced sig- so 
nal to reproduce data from a rewritable disc-shaped 
record medium. 
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Fig. 16 is a flow chart for ex|:dalning a process per- 
formed when a write command is executed; 
Fig. 17 is a flow chart lor explaining a process for 
updating a WBBM; 

Rg. 18 is a flow chart for explaining the finalizing 

Rg. 1 9 is a schematic diagram for explaining a read 
modified write operafion. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

[0017] Next, with reference to the accompanying 
drawings, an embodiment of the present invention will 
be descnbed. In the embodiment, a phase change type 
cfec is used as a rewritable optical disc. In reality, two 
discs wl^ose diameters are 120 mm and whose thick- 
nesses are 0.6 mm are adhered to form a renmitalile 
optical disc. In addition, the rewritable optical disc has a 
wotting groove. As will be described later, the wicA>- 
bling groove is wobbled with a signal of which an 
address (a position signal) is wobliled. A clock signal for 
signal processing and an absolute address on the disc 
can be extracted from the reproduced signal of the wob- 
bling groove. 

[0018] In addition, the disc is rotated at CAV (Constant 
Angular Velocity). Data is recorded in a groove, hi other 
words, a groove system is used. Data is recorded at 
OLD (Constant Linear Density) on the disc. The linear 
density is 0.35 (im/bit. A predetermined range of linear 
densities is designated. A rewritable area of the disc is 
divided into many zones. In each zone, a linear density 
is defined. This type of disc is referred to as DVD+RW 
disc. However, ft should be noted that the present inven- 
tion is not limited to a DVD+RW disc. In other words, the 
present invention can be appied to optical discs such 
as a groove/land record type disc and a magnetic opti- 
cal (MO) record disc. 

10019] Next. wiHi reference to Fig. I.flie structure of a 
disc drive for use with a rewritable optical disc such as a 
DVD-I.RW disc wrill be described in brief. In Rg. 1. refer- 
ence numeral 1 is a phase change type optical disc. The 
optical disc 1 is rotated at CAV by a spindle motor 2. An 
optical pickup 3 is disposed so as to record data on the 
optical disc 1 and to reproduce data therefrom. 
[0Q2Q] Data of an sdernal host processor 10 is sup- 
plied to the disc drive through an infterface 4. A control- 
ler 5 is connected to the interlace 4. A buHer memory 6 
is connected to the controller 5. The buffer mennry 6 
stores write data or read data. Write data is supplied 
from the controller S to an encoder 7. The encoder 7 
converts the write data into sector-structured data, 
encodes each ECC block that is composed of 16 sec- 
tors with an error correction code, and adds a frame 
synchronous signal and a linking section. 
[0021] The frame-structured data is supplied to a 
recording system 8. The recording system 8 performs a 
digital modulating process and so forth. The recording 



system 8 supplies record data to a laser drive 9. The 
laser drive 9 generates a drive waveform corresponding 
to a predetermined level necessary for reoonfing data to 
the optical disc 1 . Output data of the laser drive 9 is sup- 

5 plied to the optical piciup 3. 

[0O22] The qatical pichup 3 reproduces data on the 
optical disc 1. The reproduced data is detected by a 
photo detector. The detected sigral is supplied to an 
anplfysng circuit 1 1. An output signal of the amplifying 

ro circuit 1 1 is supplied to a reproducing system 12 and a 
servo system 14. The amplifying circuit 11 calculates 
the detect^f signal of the photo detector and generates 
an RF signal, a tracking error signal, and a focus error 
signal. The RF signal is supplied to a reproducing sys- 

IS tem 12. The tracing error signal and the focus error sig- 
nal are supplied to a servo system 14. 
[D023] The reproducing system 12 performs a digital 
demodulating process. In addition, the reproducing sys- 
tem 12 processes a reproduced signal of a wobbling 

so groove and derrxxdulatee an address. The separated 
frame synchronous signal and the address are supplied 
to the servo system 14. The servo system 14 performs 
a tracking servo operation and a focus servo operation 
for the optical pickup 3. In addition, the servo system 14 

25 performs a spindle servo operatfon and a sled servo 
operation for the optical pickup 3. In the sled servo oper- 
atkxi. the servo system 14 moves the optical pickup 3 in 
the radius direction of the disc. 
[0024] The reproduced data of the reproducing sys- 

30 tem 12 is supplied to a decoder 13. The decoder 13 
decodes an error correction code (namely, corrects an 
en'or of the reproduced data), disassembles the repro- 
duced data into sector-structured data, and performs 
another process. The reproduced data of the decoder 

3S 1 3 is 8if)plied to the controller 5. Thereafter, the repro- 
duced data is stored in ihe buffer memory 6. When a 
read oommand is received from the host processor 10, 
read data is sent to the host processor 10 through the 
interface 4. 

40 [0025] To drive the entire operation of the disc drive, a 
CPU 21 Is disposed. A RAM 23 and a ROM 24 are con- 
nected to the CPU 21 through a bus 22. The ROM 24 
stores a program. A reproduced address of the repro- 
ducing system 1 2 is supplied to the bus 22. In addition, 

45 the controller Sis connected to the bus 22. 

10026] Next, an ocample of the rewritable optical disc 
1 will be described. Fig. 2 shows the structure of areas 
from the inner periphery side (lead-in side) to the outer 
periphery side (lead-out side) of the disc. In Rg. 2, the 

so radius position and absolute address (in h^adecimal ' 
notation) of each area of the disc are denoted on the left 
side and the right side of the diagram. 
[0027] Emboss pfts are reoorded in the hatched areas 
on the innermost periphery side (from radius position 

55 22.6 mm to radius position 24.0 mm) and the outermost 
periphery side (after radius position 58.00 mm). In the 
enlboss area (also referred to as ROM area), all "OOh" 
data, a r^rence code tor 2 ECC btocks (from absolute 
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address "2FO0h"), and 186 blocks of control data (Irom 
atisolute address "2F200ti'') are recorded. An ECC 
Uock is a data unit tliat composes an error correction 
block. An emor correction code parity is added to data of 
every 32 Itbytes (= 2 kbytes x 16). 
[0028] Control data and reference code are recorded 
when a master disc is out. The control data and refer- 
ence code are read-only pit data. The control data 
includes physical management information and so forth 
of the c^tical disc. 

[0029] Areas other than the entjoss area (namely, 
areas from radius position 24.0 mm to radius position 
58.0 mm) are rewritable areas of whlcti tracks are 
formed with grooves (namely, groove area). In the 
groove area, a user area is from radius position 24.19 
mm to radius position 57.9 mm (from absolute address 
"31 OOOh" to absolute address "1 AOEBFh"). 
[0030] In the rewritable areas on the Inner periphery 
side and the outer periphery side of the user area, a 
guard zone, a disc test zone, a drive lest zone, and a 
DMA (defect management area) are formed. The guard 
zone is formed so as to allow data written to the disc test 
zone and DMA to synchronize with a vwite clock. The 
disc test zone is formed so as to c^eck the disc condi- 
tion. Tlie drive test zone is formed so as to check Die 
condition of the recording/reproducing drrve. 
[0031] DMA1 and DMA2 are formed on the inner 
periphery side of frie disc. DAM3 and DAM4 are formed 
on the outer periphery side of the disc. Same informa- 
tion is recorded in each of the DMAI to DMA4. A 
detected result of a defect in the recordable area and 
information of a substitute sector cu-e recorded in the 
DMA. Since the recording/reproducing operation is per- 
formed with reference to the contents of the DMA, a 
defective area can be skipped. The inner periptiery 
areas c4 the rewritable area (other than the user area) 
and the emboss area on tie innermost periphery side 
structure a lead-in area as a management area. 
[0032] In the groove area other than the emboss area 
on the optical disc 1, tracks are pre-fornned with wob- 
bling grooves. The wobbling grooves represent absolute 
addresses. Thus, the recording/reproducing apparatus 
can obtain information of absolute addresses and so 
forth with reproduced signals of grooves. 
[0033] Figs. 3A and SB show examples of the struc- 
ture of grooves of the optical disc 1. As shown in Fig. 
3A, a pre-groove is spirally formed from the inner 
periphery to the outer periphery in a groove area of the 
optical disc 1 . 

[0034] As shown in Fig. 3B, the left and right side walls 
of the pre-groove la are wobbled corresponding to 
address information. In other words, the pre-groove la 
is wobbled at a predetermined period of a wobbling sig- 
nal generated corresponding to an address. A land lb is 
formed between adjacent grooves la. Data is recorded 
on a groove la. Thus, the track pitch is the distance 
between the centers of adjacent grooves la. The track 
pitch is for examfde 0.8 \tm. The groove width (the width 



of the bottom portion of ea&i groove 1a) is for example 
0.48 '(im. The width of each groove la is larger than the. 
width of each land lb. 

[0035] The wobbling amount of each groove la is 
s defined as the value of the wobble width WW. In this 
example, the wobble width WW is 12.5 nm. On each 
groove, the wobble amount instantaneously increases 
at predetermined intervals. A portion of which the wob- 
ble amount ir^stantaneously increases is relen'ed to as 
10 fine clock mark. In this portion, the wobble amplitude is 
for example 25 to 30 nm. 

[0036] One track (one turn of the disc) has a plurality 
of wobbling address frames. Each wobtiling address 
frame is divided into eight portions in the direction of the 

(5 rotatnn of the disc. The eight portions are servo ele- 
ments (segment 0 lo segment 7). Each servo segment 
(hereinafter simply referred to as segment) contains 43- 
bit information that is mainly an absolute address. The 
wobbling of each segment is composed of 360 waves. 

so [0037] Fine clock marks are formed on a wobbling 
groove at equal intervals. With the fine clock marks, a 
PLL circuit generates a reference dock signal so as to 
record data. 96 fine clock marks are formed per rotation 
Of the disc. Thus, 12 fine clock marks are formed per 

SB segment. 

[0038] Rg. 4 Shows the staicture of each wobbling 
address frame as segments (segment 0 to segment 7). 
In ea* {48-bit) wobbling address frame, the first four 
bits are used for a synchronous signal that represents 

30 tfie start of the wobbling address frame. The tour-Wt 
synchronous pattern is bi-phase data of wrhich four-bit 
data is composed of eight channel bits. The next four 
bits are used for layer information that represents a 
layer number of a plurality of record layers or a layer 

35 Structure of the disc. 

[0039] The next 20 bits are used for a track address 
(track number) as an absolute address. The next four 
bits are used for a segment number. The segment 
number is a value in the range from "0" to "7" oorre- 

40 spending to segment 0 to sequent 7. In other vuords, 
the segment number represents the circumference 
position of the disc. The next two bits are reserved. As 
the last 14 tnts of the wobbling address frame, an en-or 
detection code (CRC) is added. As was described 

45 above, fine clock marks are formed In each wobbling 
address frame at equal intervals. 
[0040] Data is read/written as each ECC block. One 
sector is composed of tor example 2 kbytes. One t>lock 
is composed of for example 32 kbytes. Fig. 5 shows the 

so structure of one sector One sector is composed of data 
ID (tour bytes). lED (two bytes), reserved area (ax 
bytes), user data (2048 bytes - 2 kbytes), and EDC 
(tour bytes). In other words, one sector is composed of 
a total of 2064 bytes. 

55 [0041] The data ID contains a track number and a sec- 
tor rajmber corresponding to an address of the wrobbling 
groove. The lED is an error detection parity con-espond- 
ing to a data ID (lor example, CRC). The EDC is an error 
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detection parity (for example, CRC) ^at is used so as to 
determine wliether or not user data tliat tias been error- 
corrected tias an error. 

10042] . With 1 6 sectors (each of which has the struc- 
ture shown in Fig. 5), an ECC tjlock shown in Fig. 6 is 
composed. Each sector is composed of 2064 t)ytes 
(172 bytes x 12). When 16 sectors (each d which is 
composed of 172 bytes x 12} is vertically arranged as 
shown in Fig. 6, a data array of (172 bytes x 192 (= 12x 
16)) is farmed. The user data of 192 x 172 bytes is 
encoded with a product code, in omer words, data of 
each iine (172 bytes) is encoded with an inner code (lor 
example, Reed Solomon code). Thus, an inner code 
parity of 10 bytes (PI) is generated. In addition, data of 
each column (192 bytes) is encoded with an outer code 
(for example, Reed Solomon code). Thus, an outer 
code parity of 16 bytes (PO) is generated. 
[0043] Moreover, in block segmented data of 182 
bytes X 208 {= (172 + 10) x (192 + 16)), the outer code 
parity (PO) of 182 bytes x 16 is divided into data of 16 x 
(182 bytes x 1). As shown in Rg. 7, the divided portions 
of the outer code parity are interleaved with 16 sectors 
Oto 15 (each of which iscomposed of (182 bytes x 12)). 
In other words, each of the divided portions of the outer 
parity is placed at the end of each of the sectors . After 
the encoding process with the product code is per- 
fomied, data of 13 (- 12 -i- 1) x 182 bytes is treated as 
data of one sector. 

[0044] Whendataof 182 bytes X 208 shown in Fig. 7 
is recorded on Ihedisc the data is recorded in the struc- 
ture of a transmission frame shown in Fig. 8. In other 
words, 182 bytes of each ligne is divided into two por- 
tions as 208 (rows) x 2 (frames)- At the beginning of 
each portion of 208 x 2 frames, a linking section (data of 
link area) of 1 3 (rows) x 2 (frames) is added. More accu- 
rately, a part of data of linking sections for 26 frames is 
recorded at the end of the preceding block. The rest is 
recorded at the beginning of the current block 
[0045] At the beginning of frame data of 91 bytes, a 
frame synchronous sign^ (FS) of two byes is added. 
Thus, as shown in Fig. 8, data of one frame is com- 
posed of a total of 93 bytes. Consequently, one block is 
corr^osed of 221 (rows) x 93 x 2 bytes. In other words, 
one block (record/reproduction data uniQ is composed 
of 442 frames. The size of the real data portion toakiti- 
ing the overhead portion becomes 32 14)ytes (- 2048 x 
16/1024 kbytes). 

[0046] As described above, according to the embodi- 
ment, one block is composed of 16 sectors. One sector 
is composed of 26 frames. A linkirtg section is formed 
between two adjacent blocks. The linking section func- 
tions as an area for allowing data that is recorded or 
reproduced to synchronize with a clock signal. 
[0047] The present invention relates to a finalizing 
process necessary for allowing a ROM drive (for exam- 
ple, a DVD-ROM drive) to reproduce data from an opti- 
cal disc (for example, a DVD-i-RW disc). The data has 
been recorded on the optical disc by the above- 



described drive. Fig. 9 shows the concept of the finaliz- 
ing process according to the present invention. In Rg. 9, 
data is recorded as blocks in a user area of a rewritable 
area in which a wobbling groove is formed. 

5 [Q048] When the DVD-ROM drive accesses the 
DVD+RW disc and reads data therefrom, the DVD-ROM 
drive repeats a coarse seek operation and a fine se^ 
operation several times arKt obtains a target track. 
When the DVD-ROM drive performs the spindle servo 

10 operation and reads the data ID of each sector, if the 
data ID has not been recorded, the DVD-ROM drive 
cannot obtain a frame synchronous information as 
servo Information. In this case, the spindle servo 
becomes out-of-contrd state. In addition, since the ID 

IS data is absent, the DVD-ROM drive cannot obtain posi- 
tion infomnalfon. Thus, the DVD-ROM drive should 
always seek a recorded data area. Due to eccentricity 
or the like of the disc, even if the DVD-ROM drive junps 
from the current track to a desired tracK the obtained 

20 track deviates from the desired track to some extent. 
Thus, it is necessary to place dummy data (hereinafter 
retired to as finalization data) in such a range. 
Although the finalization data has no meaning (for 
Qomple. al "0* data), the sector structure and the block 

SB structure thereof are the same as those of the above- 
described user data. Thus, the finalization data contains 
servo information (frame synchronous signal) and posi- 
tion information (ID). 

[0049] Fig. 9 shows an exanpie of the state of which 
30 as the result of the finalizing process, finalization data is 
recorded before and after a recorded area of a user 
area, a rewritable area (test zone, DMA, and so forth) of 
a lead-in area, and a rewritable area (DMA) of a lead- 
out area. The data amount of finalization data that is 
35 recorded is equivalent to the width of several hundred 
tracks although it depends on the seek accuracy of the 
drive, the amount of eccentricity of the disc, and so 

[0050] To perform the finalizing process, it is neces- 
« sary to determine whether each block is a recorded 
tilock or non-recorded block. A bit map table that has 
bits that correspond to all blocte of the rewritable area 
and that represent whether the relevant blocks are 
recorded blocks or non-recorded blocks is created. In 
45 the tut map table, a recorded block and a non-recorded 
bktck are denoted by '1" and "0", respectively. When- 
ever a write command is executed, the bit conespond-" 
ing to the relevant bkxk is changed Id '1". Thus, 
infonnalion that represents a recorded (written) block 
so can be used. This bit map is referred to as WBBM (Writ- 
ten Block Bit Map). " 

[0051] In the structure shown in Fig. 1. the CPU 21 
receives information corresponding to a write command 
fran the controller 5. Under the control of the CPU 21 , a 
55 WBBM is formed in the RAM 23. At a predetermined 
timing (that will be desaibed later), the CPU 21 reads 
the WBBM from the RAM 23. The controller 5 records 
the WBBM to a predetermined area of the lead-in area 
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of the optical disc i as with the user data. When the 
user issues to the host processor 10 (or the d»c drive) 
a command for executing the finalizing process that 
causes, the command is sent to the CPU 21 . Thus, the 
CPU 21 causes the disc drive to write a predetermined 5 
amount of finalization data before and after each 
recorded Ijlock con-esponding to the latest WBBIM. 
[0052] As shown in Fig. 1 0, the WBBM is placed in the 
lead-in area along with a test zone, a DMA, and so forth. 
The WBBM can be placed in the range from SOOOOh to 
SlOOOh of (he lead-in area. Guard zones are preferatily 
placed before and after the WBBM. Theoretically, the 
finalizing process can be performed with one WBBM. 
However, to improve the reliability of the finalizing proc- 
ess and decrease the number of times of the write oper- 
ation to the same area, it is very effective to provide a 
plurality Of WBBMs (WBBM-1 to WBBM-N). Since the 
number d times of the write operation is limited in 
phase change type disc mediums (around 100,000 
times), if the write operation is repeatedly performed in 
the same area, the life of the medium is shortened. 
[0053] Next, an example of the structure of the WBBM 
will be described in detail. As desaibed above, one 
block is composed of 16 sectors (32 kbytes). Since one 
DVD+RW disc has a storage capacity of around 3 
Gbytes, the disc has 90.000 to 100,000 ttoOs. When 
each block is correlated with one bit a bit map of around 
12 kbytes is required. By adding management infonna- 
tion to the bit map, one WBBM is structured. When a 
WBBM is recorded on the disc, as with user data, an 
encoding process with a product code and a frame 
structuring process are performed. In other words, one 
ECC block is composed of one WBBM. 
[0054] As shown in Fig. 1 1 , in one WBBM, a WBBM 
identifier, a ring number, an update counter, and zona 
inionnation are added to bit map data The bit map is 
composed of bytes. The upper right corner of the bit 
map represents a bit corresponding to a block of which 
the ECC block number is 1. The ECC btock number 
increases in the left direction of each byte. In addition, 
the ECC block number increases in the lower direction 
of the bit map. The left portion of Fig. 11 shows an 
enlarged vjew of the N-th byte. The N-th byte includes 
bits whose ECC block numbers are 8N to 8N4-7. In the 
N-th byte, a bit whose value is '0* represents that an 
ECC block corresponding thereto is a non-reooided 
btock. In contrast, a bit whose value is '1' represents 
that an ECC block corresponding thereto is a recorded 
block. 

[00S5] The management irrformation includes the fol- 
lowing items each of which is composed of one byte. 

WBBM identifier: A numeric value representing that 
a relevant ECC block is a WBBM (for example, 
OCOCh). 

Ring number: Represents the number of WBBMs 
that are treated as one set and the order of a partic- 
ular WBBM in the set 



Update counter: A value that is incremented when- 
ever a WBBM is updated. A WBBM with the maxi- 
mum value of the update counter in the set of 
WBBMs is determined as the latest WBBM. A 
WBBM with the minimum value of the update coun- 
ter is updated to the latest WBBM. Thus, a write 
operation can be prevented from being concentrat- 
edly performed to a particular WBBM. Conse- 
quently, the disc medium can be prevented from 
deteriorating. Even if data of the latest WBBM is 
destroyed, with information of a WBBM havirrg the 
maximum value of the update counter, the 
destroyed WBBM can be almost restored. 
Zbne information: When the finalizing process is 
performed, it is not effective to check all tiits. To 
solve such a problem, all ttie remnftabla area is 
divided into a pluraMy of zones. When data has 
been written to all blocks of each zone, a flag that 
represents that data has been recorded to all 
blocks is set. Once the flag is set, the finalizing 
process is not performed for the zone. 

[0056] As shown in Fig. 12, to improve the reliability of 
the fmaiizing process, a plurality of WBBMs with the 
same content may be written. In this case, whenever a 
WBBM is i|)dated, all the WBBMs are r«writtea 
[0057] Rg. 1 3 shows an esfimple of the ring structure 

of a plurality of WBBMs (WBBM-1, WBBM-2 and 

WBBM-N) The update counter of each WBBM is initial- 
ized to for example "0". When the WBBM-1 is updated, 
the value of only the update counter thereof becomes 
"1". Next, when the WBBM-2 is updated, the value of 
only the update counter thereof becomes "2". Next, 
when the WBBM-3 is qadated. the value of only the 
update counter thereof becomes "3". In such a manner, 
a WBBVI with the minimum value of the update counter 
is updated. If the values of the update counters of two 
WBBMs are the same, a WBBM with a lower WBBM 
number is updated. Thus, a WBBM with the maximum 
value of the update counter is determined as the latest 
WBBM 

[0058] Even if a WBBM is not the latest WBBM (even 
if several recorded bits are lost), the WBBM is effective 
information. In other words, before finalization data is 
written to an ECC bk>ck that is detemr^ned as an non- 
recoided block corresponding to ttie WBBM, the ECC 
block is chedted. Even if the bit corresponding to tiie 
ECC bkK^ is inconect, since the finalization data is writ- 
ten, recorded data is not destroyed. Thus, when a plu- 
rality of WBBMs are used and the oldest WBBM is 
rewritt^, later WBBMs remain. In the case that a 
WBBM with the maximum value of tfie update counter is 
defined as the latest WBBM. when the drive spins up 
and reads a WBBM, it can determine the latest WBBM. 
K)0591 The adirantages of the ring structure of 
WBBMs are as followe. 

[0060] Sincethenumberof times of the write opera- 
tion to a particular WBBM is decreased to 1 / (the 
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number of rings of WBBMs], the medium can be sup- 
pressed from deteriorating. 

[0061] Even if a defect sudi as power failure of tiie 
drive takes place during a write operation of a WBBM. 
since the preceding WB^ resides, it can be used as 
the latest WBBM. 

[0062] A method for creating a plurality of WBBMs 
with frie same content can be used (redundant write 
operation (see Fig. 12)). This method is the simplest 
countermeasures against a power failure. In this case, 
the values of all the update counters should be the 
same. If the counter value of a particular WBBM is dif- 
ferent from the counter values of the other WBBMs, it 
can be supposed that while a WBBM was being 
updated, a power feilure look place. In this case, a 
WBBM with a larger value of the update counter is the 
latest WBBM. The ring structure and the redundant 
write operation can be used together. 
[0063] Next, with reference to Figs. UA and 14B. 
other examples of a WBBM will be desoibed. in the 
example shown in Fig. 14A. a user data map (referred to 
as user WBBM) is paired with the above-described 
WBBM (referred to as conventional WBBM). Since a 
convention^ WBBM only represent whether each 
block is a recorded block or a non-recorded bloc, it can- 
not represent whether data of a recorded block is user 
data or finatizatlon data. In ttte user WBBM. a bit "1" is 
set to a block to which user data is written. Thus, a bit 
corresponding to a block to which finalizatlon data is 
written is still '0'. 

[0064] With the user WBBM, after a DVD-ROM drive 
has reproduced data from a DVD+RW disc to which 
finalization data had been written, a DVD4-FWV drive can 
write data to the DVD-f-RW disc. In this case, to allow the 
DVD-ROM drive to reproduce data from the DVD+RW 
disc, finalization data should be written to the DVD+RW 
disc. Since a conventional WBBM is composed of a bit 
map of user data and a bit map of finalization data 
(namely, the WBBM represents whether recorded 
brocks), the user data and the finalization data cannot 
be distinguished with the WBBM. As a result, finaliza- 
tion data is redundantly written. On the other hand, with 
both a user WBBf^ and a conventional WBBM, finaliza- 
tion can be prevented from being redundantly written. 
[0065] Unlike vwth the structure of which a user WBBM 
is paired with a conventional WBBM as shown in Fig. 
14A. a portion corresponding to each block on the bit 
map may b6 composed of two bits so as to distinguish a 
record block of user daita and a record bloGk of finaliza- 
tion data as shown in Fig. 14B. With such a bit map that 
allows user data and finalization data to be distin- 
guished, the finalizing process can be nxire effectively 
performed. 

[00661 When a DVD+RW disc is formatted, a WBBM 
is written to a predetermined area of the lead-in area of 
the DVD+RW disc. When a blank DVD+RW disc is for- 
matted, if the certificating process is not performed, all 
the user area becomes non-recorded state. On the 



other hand, if the certificating process is performed, all 
the usar area becomes recorded state. When the 
DVD+RW disc is reformatted, since recorded data 
resides in the user area, the existing WBBM is used. 

5 [0067] When a DVD+RW (Ssc is loaded 10 a drive, a 
WBBM is read to a memory (RAM 23 shown in Rg. 1) of 
the drive. Fig. 15 is a flow chart showing a process of 
the CPU 21 petlormed when a medium is loaded to the 
drive. At step SI shown in Fig 1 5, the medium is loaded 

10 to the drive. At step S2, the drive spins up and repro- 
duces a DMA and a WBBM in the lead-in area. The 
drive reads the first WBBM (at step S3) and checks the 
ring number (management information) of the WBBM 
(at step S4). When the WBBM is ring-structured, since 

IB there are a plurality of WBBMs. the drive reads all 
WBBMs in the RAM 23 and reads values of update 
counters thereof (at step S5). The drive compares the 
values of the update counters of all the WBBMs and 
leaves a WBBM with the maximum value of the update 

20 counter in the RAM 23 (at step S6). When the certificat- 
ing process has been completed or data has been writ- 
ten to all the user area, it is not necessary to leave the 
WBBM in the RMA 23 or update the WBBM. This deter- 
mination is perlbnned by the CPU 21 d the drive. A flag 

es is controlled conrespondng to the determined result. 
[0068] Next, with reference to a flow chart shown in 
Fig. 16. a process ol ttie CPU 21 for rewriting a WBBM 
stored in the RAM 23 will be described. This process is 
performed when a write command is executed. For sim- 

30 plidty, it l8 assumed that there is no user WBBM. When 
the drive spins up a medium {c^ceA disc l) and deter- 
mines that a conventional WBBM thereof should be 
managed, this process is performed. A write command 
from the host processor 10 is received (at step S11). 

35 When the execution of the write command is completed 
at step S12 (namely, it is determined that data has been 
recorded to all one block), the drive obtains a bit of the 
WBBM in the RAM 23 oon-espondhig to the block on the 
bit map (at step S13). and determines whether or not 

40 the bit is '0" (at step S14). 

[0069] When the bit is 'r. It represent that the block is 
a recorded block. Since it is not necessary to update the 
bit, the process is cwmpleted. In contrast, when the b«t is 
"0". the bit corresponding to the block on the WBBM 

•(5 stored in the RAM 23 is set to 'r (at step SI 5). In adcfi- 
tion, a flag that represents that the WBBM stored in the 
RAM 23 has been updated is set (this flag is refened Id 
as WBBM update request flag}, m this case, the flag is 
eat to "1". At a predetermined timing (in an eject slate of 

so the optical disc 1 , in a flash cache process, or in a tjack- 
giound state), the WBBM of the optical disc 1 is 
updated. After the WBBM has been updated, the 
WBBM update request flag is cleared. In the flag cache 
process, whenever a write command is received, data is 

55 temporaryy stored in the write cache. Thus, a predeter- 
mined number of times of the write command can be 
executed at a time. The background state is a non-busy 
slate of the CPU of tie drive. 
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[0070] Fig. 1 7 is a flow cliart showing a process of the 
CPU 21 when WBBMs are updated. This process is 
executed at a predetermined timing. In this example, it 
is assumed that WBBMs are ring-structured. When the 
WBBM if)date request flag is '1". a WBBM is updated 
(at step S21). The update counter of the WBBM stored 
in the BAM 23 is incremented by "1" (at Step S22). 
[0071 ] At step S23. a WBBM preceded by a WBBM 
that has been previously read is updated with the 
WBBM stored in the RAM 23. In this process, among 
some WBBMs of the optical disc 1 , a ring numt>er corre- 
sponding to a WBBM with the minimum value of the 
update counter is set. A WBBM with the minimum value 
of the update counter is replaced with the latest WBBM 
stored in the RAM 23. Since the updating process is 
conpleted, the WBBM ivxtate request flag is deared at 
step S24. 

[0072] To allow a DVD-ROM drive to reproduce data 
from a DVD+RW medium, the user issues a command 
that causes the drive to execute a finalizing process. 
Next, with reference to a flow chart shown in Fig. 1 8, the 
finalizing process of the CPU 21 performed by the drive 
will be described. At step S31, when the drive receives 
the f inalization command from the host processor 10, a 
WBBM on the optical disc 1 is replaced with a WBBM 
stored in the RAM 23. Thus, the WBBM stored in the 
RAM 23 Is the latest WBBM. AHernallvely, the latest 
WBBM may be read from the optical disc 1. 
[0073] At step S32, with reference to the WBBM 
stored in the RAM 23. all non-recorded blocks adjacent 
to recorded blocks (bit = "1") in a predetermined range 
(for example, blocks equivalent to 300 tracks) are listed 
up. The listed blocks are denoted by B(0), B(1 ), B(2), ... 
and B(N-1). At step S32, the initiai value of the variable 
lis(0). 

[0074] At step S33, it is determined wh^r or not the 
variable I is N. When (I = N), since the f inalization data 
has been recorded to all non-recorded blocks, the 
updating process for the WBBM is preformed (at step 
S34) as described above (see Fig. 17). 
[0075] The finallzation data is recorded from the block 
B(0) to the block B(N-1), In tNs case, it is determined 
whether or not an area to which finaiization data is 
recorded corresponding to the WBBM is a non-recorded 
area. Even if it is determined that a particular btodt is a 
non-recoreled block (bit =• 0) oatresponding to the 
WBBM, due to a power failure, the block may be a 
recorded block. When the block is a recorded block, if 
the finaiization data is overwritten, recorded user data 
will be deslrt^ed. To prevent such a problem, a read 
operation is performed for an area to which finaiization 
data is recorded (at step S35). 
[0076] At step S36, it is determined whether or not 
data has been read. When data has been read or it is 
not necessary to record data, since the block B{l) is a 
recorded block or a record unnecessary blocK the finai- 
ization data is not recorded. When data cannot be read, 
the finaiization data (dummy data) is recorded to the 



non-recorded bkK^ B(!) (at step S37). At step S38, the 
variable 1 is incremented. At step S39, the bit con-e- 
sponding to the recorded block on the WBBM is set to 
"1". 

5 [0077] The reading operation for verifying an non- 
recorded block, the recording operation of the finaiiza- 
tion data tor a verified non-recorded block, the incre- 
menting operation for the variable I, and the process for 
setting the bit corresponding to the block on the WBBM 

10 to "1" are performed for all non-recorded Wocte that 
have been listed up. Thereafter, at step S34, the bit cor- 
responding to a block that has been determined as a 
recorded block on the WBBM is set to 'V. The WBBM 
stored in the RAM 23 is vwitten to the optical disc 1 . 

15 pOTS] In the flow chart shown In Fig. 1 8, a plurality of 
blocks that have been listed are processed one after 
the other. AHematively, all blocks that have been listed 
up may be read and detennined whether or not they are 
recorded blocks. Hiereafter, finaiization data may be 

2c written to all non-recorded blocks. In this case, the proc- 
ess car be effectively performed and thereby preferably 
implemented. 

[0079] As described above, a WBBM is used to effec- 
tively perform the finalizing process. In addition, the 

2S WBBM can be used to effectively perform the read mod- 
ified write operation. A DVD-RW disc Is accessed tor 
data of 2 kbytes (one sector) at a time by the host proc- 
essor. Likewise, the buffer memory of the drive is 
accessed. On the other hand, the disc is accessed for 

30 data of 32 kbytes of a ECC tdock at a time by the drive. 
When the drive receives a read command for data of 2 
kbytes, it reads a iNock (32 kbytes) including the sector 
and sends the data of 2 kbytes to the host, in this case, 
the drive discards the remaining data of 30 Miytes. 

3S PWSO] Tfie write operation is more complicated than 
the read operation. As shown in Fig. 19, when the drive 
writes data of 2 Miytes to a particular Uock of the disc, if 
data has been recorded in the block, the drive should 
read the block, replace data of 2 kbytes of the relevant 

40 sector with write data received from the host processor, 
and then write data of 32 kbytes to the original block. 
This process is referred to as read modified write oper- 
ation. In this case, to write data of 2 kbytes to the disc, 
the drive reads data of 32 kbytes from Ihe disc and then 

4S writes data of 32 kbytes thereto. To prevent the read 
modfied write operation, the drive temporarily stores 
write data in a buffer memory (the buffer memory 6 
shown in Fig. 1) and completes the write oomrrand. 
This operation is referred to as writ© cache operation. 

50 p)081] Generally, the host computer tends to write 
successive sectors Thus, as the host computer stores 
write data, data of one block may take place. In this 
case, the drive only performs the write operation for 
data of 32 kbytes without the read operation. The drive 

55 can wmte a plurality of blocks at a fime. However, the 
drive may write data of 2 kbytes at a tima In addition, 
when the drive writes long data, it should perform the 
read mocified write operation at tfie begvining and the 
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end of the data. 

[0082] When the drive performs the read nrrodified 
write operation for a particular block, the block may be a 
non-recorded block. Generally, when the drive cannot 
read a bkxk, it determines that the block is a non- 
recorded btock corresponding to information such as a 
signal level. When the block is a non-recorded block, the 
drive places all "0" data in the block except for write data 
received from the host processor. In this case, when the 
drive can determine that the block is a non-recorded 
block, it can perform the write operation without the read 
operation. In other words, the performance can be 
improved two times. To improve the efficiency of the 
read modified write operation, a WBBK/I can be used. 
[0083] For a recorded block on a WBBM. when the 
drive writes a part of sector (2 Kbytes), it shouM perform 
the read modified write operaticxi. On the other hand, for 
a nor^-recorded Uock (bit = '0") on a WBBtVl, aKhough a 
recorded portion may be treated as a non-recorded por- 
tion due to a power failure or the like, the block is almost 
a non-recorded block. Thus, the drive can place al "0* 
data in the block except for write data recetved and per- 
form the write operation wittiout the read modified write 
operation. 

[0084] In most file systems, a medium is used in the 
ascending order of LBA (logical block address). Thus, 
the drive tends to write data in an area preceded by 
write da&. On the other hand, in the case of a medium 
that is used without the certifying process, the probabii- 
ity of which an area preceded by write daia is a non- 
recorded area is very high. 

[0085] Thus, in the case that the CPU 21 has read an 
area adjacent to a write area and determined that the 
read area is a non-recorded area, when the CPU 21 
receives a write command for the area, it can immedi- 
ately perform the write operation without the read modi- 
fied write operation. While the host processor 10 is not 
accessing the CPU 21. it checks a WBBM in the RAM 
23, reads a portion preceded by a recorded area of the 
optical disc 1, and determines that the portion is a non- 
recorded portion. This operation may be performed in a 
relatively narrow range for the next write command. 
[0086] When the CPU 21 receives a write command 
for the area (or caches the write command), if it fias 
determined ttiat the area is a non-recorded area, it 
places all "0" data as data in the same block other than 
the write data and performs the write cperatioh, for 
example, without the read modified write operation. 
Alternatively, after the CPU 21 has performed the write 
operation, it updates the WBBM in the RAM 23. Thus, 
the drive detenmines whether or not the next area is a 
non-recorded area. 

[00871 The present invention is not limited to the 
alxwe-described embodiment. Instead, various modifi- 
cations are available. For example, the present inven- 
tion can be applied to a rewritable disc-shaped record 
medium other than the DVD+RW medium and to a WO 
(Write Once) disc-shaped record medium. In adcfition, 



the present invention can be applied to a disc of which 
address information is recorded in other than wobbling 
groove fonnat. Moreover, the seivo information may be 
information for either CAV or CLV Furthemrare. iinaliza- 
; tion data may be recorded before or after a recorded 
btock 

[0O88] l-laving described specific preferred embodi- 
ments of the present invention with reference to the 
acconpanying drawings, it is to be understood that the 

10 invention is not limited to those precise embodiments, 
and that various changes and modifications may be 
effecied therein by one skilled in the art without depart- 
ir^ from the scope or the spirit of the inventton as 
defined in the appended claims. 

15 10089] According fo the present invention, since a bit 
map that represents thnt each block is a recorded block 
or a non-recwded block is provided, in comparison with 
a method for analyzing a fie system, the drive can exe- 
cute a finalizing process regardless of a file system for 

30 use. In addition, even if the number of directories/files is 
large, the drive can effectively perform the finalizing 
process. 

[0090] In addition, according to the present invention, 
in comparison with a method for reading all blocte and 
25 detennining whether they are recorded Uods or non- 
recorded blocks, the drive can quickly perform the final- 
izing process. In addition, the user is not requested to 
perform the certifying process. Since the period neces- 
sary for the finalizing process is nnuch shorter than the 
30 period necessary for the certifying process, tiie effi- 
ciency is very high for the user. 
[0091 ] When WBBMs are ring-structured, the number 
oi times of the write operation for a WBBM to the same 
block can be decreased. Thus, the medium can be pre- 
ss vented from deteriorating. An area preceded by a 
recorded area is pre-read in background state. When a 
wrrte command for the area is received, it is not neces- 
sary to perform the read modified write operation. Thus, 
the performance can be improved. In particular, in the 
40 case of the flush cache process, a write cache disable 
command, or a command with an FUA flag (that causes 
data not to be cached and write operation to be immedi- 
ately performed) is used, the operation is very effec- 
tively performed. 

46 

Claims 

1. A recording apparatus for use with a disc- shaped 
record medium having a user data area and a man- 
50 agement area, comprising: 

recording means (8) for recording at least one 
conventional bit map that represent whether or 
not each data unit for recording/reproducing 
55 has been recorded; 

and 

processing means for recording the bit map fo 
the management area of the disc-shaped 
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record medium (1 ), and referencing the bit map 
and adding a predetermined amount of data 
that containB at least one of servo infomnation 
and posit'on information to a non-reoorded 
area in the vidnlty of recorded data so as to g 
allow a reproducing apparatus that reproduces 
data from a read-only disc-shaped medium (1) 
and dstains at least one of the servo infonna- 
tion and the poation Information from a repro- 
duced signal to reproduce data from a jo 
rewritable disc-shaped record medium (1). 



2. The recording apparatus as set fbrth in daim 1 
wherein the management area has a plwality of 
conventional bit maps and an update counter each is 
of the bit maps has a value of an update counter 
that represents the number of update times of each 

of bit maps, and the processing means rewriting the 
plurality of bit maps successively and rewriting the 
value of the update counters of the bit map rewrit- so 
ten corresponding to what represents the number 
of update times. 

3. The recording apparatus as set forth in claims 1 or 

2 wherein the management area has a plurality of 2B 
the bit map, and the processing means rewrites 
redundantly the plurality of bit maps at a tinm. 

4. The recording apparatus as set forth in anyone of 
claims 1 to 3 wherein the management area having so 
user data bit map which the conventional bit map is 

' paired with, and the user data bit map represents 
whether or not the user data has been recoided for 
each record/reproduction data unit 

ss 

5. The recording apparatus as set forth in ar^ne of 
claims 1 to 4 wherein the corwentional bit map com- 
prises a user data bit map, the user data bit map 
has a first bit and a second tMt for eadi 
record/reproduction data unit, and one of thefirst bit 40 
and the second bit represents whether or not each 
record/reproduction data unit has been recorded 
and the ottier of the first bit and the second bit rep- 
resents whether or not the user data has been 
recorded for each reoordA-eproAidion data unit. 45 

6. The recording aiaparatus as set forth in anyone of 
claims 1 to 5 wherein the recording means (8) 
stores bit map data con-esponding to the conven- 
tional bit map. the processing means performs an so 
updating process which rewrites the bit map data 
whenever a write operation is peiformed and which 
records the bit map data to the management area 

at a predetermined timing of wNdi a write opera- 
tion and a read operation are not performed. £5 

7. The recording apparatus as set forth in daim 6 
wherein the predetermined timing is an eject state 



of the disc-shaped record medium 1. 

& The recording apparatus as set forth in claim 6 
iwher ein the predetermined timing is a flush cache 
state. 

9l The recciding apparatus as set forth In daim 6 
wherein the predetermined timing is a background 
state in which a oommand is not received from the 
outside of the recording apparatus. 

10. The recording apparatus as set forth in anyone of 
the preceding claims wherein the processing 
means references the bit map. lists up a non- 
recorded area in ttw vicinity of recorded data, and 
records a predetemiined amount of data that con- 
tains at least one of the servo information and the 
position infonnation to the verified non-recorded 
area after verifying the non-recorded state of the 
non-recorded area by reproducing the listed non- 
recorded area. 

11. The recording apparatus as set forth in anyone of 
the preceding daims 1 wherein ^e processing 
means verifies whether or not a partial area pre- 
ceded by a recoided area is a non-recorded area 
before periarming a write operation by referencing 
the bit hiap. 

12. The recording apparatus as set forth in claim 11 
' wherein the processing means performs a write 

operation for the verified non-recorded area without 
performing a read operation of a read modified 
write operation. 

13. A reowding method for use with a cfsc-shaped 
record medium 1 having a user data area and a 
management area, comfjrising the steps of: 

creating a bit map composed of bits that repre- 
sent whether or not each record/reproduction 
data unit has been recorded; 
recording (8) the bit map to frie management 
area of Ihe disc-shaped record medium; 
and 

referencing ttw bit map and adding a predeter- 
mined anuuntof data that contains at least one 
of servo information and position information to 
a non-recorded area in the vicinity of recorded 
data so as to allow a reprodudng apparatus 
that reproduces data from a read-only disc- 
shaped medium (1) and obtains at least one of 
the servo information and the position informa- 
tion from a reproduced signal to reproduce 
data from a rewritable d^-shaped record 
medium (1]. 

14. A disc-shaped record medium having a first rewrita- 
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ble area for recording user data arxj a second rewri- 
table area for reoorcing managenientdata, wherein 
at least one of servo information and position infor- 
mation is pre-recorded as wtibUing information in a 
wobbling groove, and wherein the second rewrita- 5 
ble area has a bit map that represents wh^er or 
not each data unit tor recording/lreproducing for the 
first rewritable area has been recorded. 

15. The disc-shaped record medium as set forth in 10 
claim 1 4 wherein dummy data is added in the vicin- 
ity of recorded data in the first rewritable area and 
the second rewritable area. 

16. The disc-shaped record medium as set forth in 15 
claim 15 wherein the dummy data has servo infor- 
mation and poeitfon infbrmatfon which are neces- 
sary tor a reproducing tqipaFatus that reproduces 
data from a read-only disc-ehaped medium (1). 
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Fig. 2 
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Fig. 4 
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Fig. 11 
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Fig. 13 
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Fig. 15 
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Fig. 16 
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